Critical amino acid residues in transmembrane domain 1 of the human organic anion transporter hOAT1.
Human organic anion transporter 1 (hOAT1) belongs to a superfamily of organic anion transporters, which play critical roles in the body disposition of clinically important drugs, including anti-human immunodeficiency virus therapeutics, anti-tumor drugs, antibiotics, anti-hypertensives, and anti-inflammatories. Previously we suggested that the predicted transmembrane domain 1 (TM1) of hOAT1 might be important for its function. In the present study, we examined the role of each residue within TM1 of hOAT1 in substrate recognition and transport. Alanine scanning was used to construct mutants of hOAT1, and the uptake of model substrate para-aminohippurate was studied in COS-7 cells expressing the mutant transporters. This approach led to the discovery of two critical amino acid residues, Leu-30 and Thr-36. A substitution of Leu-30 or Thr-36 with alanine resulted in a complete loss of transport activities. We then further characterized Leu-30 and Thr-36 by mutagenizing these residues to amino acids with different physicochemical properties. Leu-30 was replaced with amino acids with varying sizes of side chains, including glycine, valine, and isoleucine. We showed that progressively smaller side chains at position 30 increasingly impaired hOAT1 function mainly because of the impaired surface expression of the transporter. Thr-36, another critical amino acid in TM1, was replaced by serine and cysteine. Similar to the substitution of Thr-36 by alanine, substitution by serine and cysteine at this position abolished transport activity without affecting the surface expression of the transporter. The fact that Thr-36 cannot be substituted with serine and that the side chains of alanine, serine, and cysteine are smaller than that of threonine by a methyl group indicate that both the methyl group and the hydroxyl group of Thr-36 could be critical for hOAT1 activity. Together we conclude that Leu-30 and Thr-36 play distinct roles in hOAT1 function. Leu-30 is important in targeting the transporter to the plasma membrane. In contrast, Thr-36 is critical for substrate recognition. The present study provided the first molecular evidence that transmembrane domain 1 is a critical determinant of hOAT1 function and may provide important insights into the structure-function relationships of the organic anion transporter family.